A crystal growth scenario from HREM studies of pinakiolite related oxyborates Jan-Olov Bovin (1) [2] , the central columns of octahedra through the zig-zag walls are denoted C walls and those at the corners of these walls S columns (cf Fig. la) . Structural investigations of synthetic Mg-Mn orthopinakiolite (Norrestam et al., to be published), disordered pinakiolite [3] and of the minerals takéuchüte [4] and blatterite [5] have shown that the presence of considerable amount of Mn3+ causes structural disorder in the C walls (cf Figs. la and lb) so every second of the octahedra rows, in the c-axis direction, is disordered. This is illustrated by the X-ray and HREM investigations of pinakiolite (Norrestam &#x26 ; Bovin, to be published) shown in figures la and b. The first chemical twin member of the pinakiolite family, ludwigite, has two layers of octahedra between the twin planes and is denoted -2t2t2t2-. The second member, orthopinakiolite or chestermanite, has the twin sequence -4t4t4t4-. Two more members, takéuchiite and blatterite with the sequence -6t6t6t6-and -8t8t8t8-(cf Fig. 2 ), are known.
HREM studies of minerals of the family, pinakiolite [6] ludwigite [7] orthopinakiolite [8] chestermanite (Alfredsson et al; to be published), takéuchiite [4, 9] and blatterite [5] as well as synthetic members [10, 11] , have shown many different structural defects. The Wadsley defects found early on predicted new members of the family and later takéuchüte and blatterite were found and their structures determined [4, 5, 9] from HREM images and single crystal X-ray diffraction. This paper will, with the discovery of the two Al-rich members chestermanite and ludwigite crystallized in the same paragenesis, show that the distance between the twin planes depends on chemical variations during the crystal growth. figure 3 where a crystal fragment of the single crystal used in X-ray diffraction study [7] is imaged with the electron beam slightly off the c-axis. The Al-ludwigite structure of the image is marked with L, while the defect part down to the left shows a two unit cell wide orthopinakiolite (chestermanite) like structure image. It is obvious from this image (and from many others [8, 9] The fundamental idea of chemical twinning [1] Fig. 4 ). Image simulations of TEM images of the Alludgwigite structure with the optical parameters of the microscope showed that the contrast of the crystal edge, imaged in figure 4 , can be interpreted so that its thickness is less than 20 nm. The beam spread in the crystal thus must be negligible for the beam area shown at A and B. An EDX-spectrum was recorded under the same conditions at the area B (cf. Fig. 4 ). It is clear by comparison of the two spectra that the area A has a higher antimony content than B. ZAF/PB calculations gave the chemical composition :
Further EDX-analyses of areas with many defects show an average analysis given by the formula :
For comparison the data from EDX-analysis of bulk samples are : For the structure image in figure 4 the change from -2t2t2t2-twin repeat of ludgiwite to -4t4t4t4-repeat appears without any sign of structural disorder; only by change of unit cell and increase of antimony content. This means the crystal has most likely been growing by adding atom planes to the (100) surface of the crystal.
In order to investigae defects of the internai and successive (100) crystal planes of If the growth direction along the a-axis of the crystal imaged in figure 5 , is assumed to be from right to left, it has started to grow with adding on atom planes with the structure of the N-phase. Arriving at the (100) plane marked with the arrow A the chemical composition of the melt surrounding the crystal must have reached such a concentration level of the cations (perhaps of the antimony ions) so it must change the chemical twin sequence from that of the N-phase to that of ludwigite (marked L in Fig. 5 ). The crystal growth process has then proceeded by adding 6 more unit cell layers of the ludwigite like structure to the (100) surface. Adding on the ludwigite layer marked with arrow 1 it is still elements of the right concentration around for the -2t2t2t2-twin repeat. When the layers of atoms, constituting the two unit cell broad ludwigite layers marked with the arrows 2 and 3, reach half the way the concentration most likely has changed because the growth continues with the twin sequence belonging to the N-phase. The structure becomes disordered (broad dark area in the image) for a distance of about 2.5 nm because of the misfit of twin planes in the b-axis direction. The structure adjusts for the disorder and continues with the N-phase twin repeat. Note that the -2t2-unit repeat of L can be the start of the N-phase unit cell (marked above the disordered area) in such a way that the twin sequence becomes -2t2t4t4-. During the growth of the rest of the crystal atoms are added to the (100) surface so the twin repeat of the N-phase is generated. In some of the crystals the new N-phase could be found together with several of the known members of the pinakiolite family. In the crystal fragment imaged in figure 6, from 
